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- analytic networks and associated task domains are descriﬁéd
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ABSTRACT

A rati@n&ie is presented for a preliminary specif}cation of
instructional vutcomes in terms of analytic networks and task
domains. Such specifications can serve as a definition'of

boundaries for skill analysis, the selection of systemiq_;nd

part;culgr content, and the coust:uctidh'of item forms. Three -

'spec;fying instructional outcomes for s primary scienge curriculum,
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ANALTTIC NETWORKS AND TASK DOMAINS FOR A4 PREMARY CRADE SCIENCE CURRICULEM

Edward L. Smith - _ ' /

Ia the design of-imstruction, specification of desired learning

cutcomes can be viewed as having two interrelated aspects: structural

and operational. The.stfuétural aspect refers to relevant subject

natter content and its logical structure, while the operational aspect

’

rtefers to wﬂﬁt the learner_does witﬁ that content. This paper discusses
the ralgtion between these two aspects, desc;ibes various levels of .:
analysis for each aﬁpect, and finally presents structural and opera-
tional specifications for a scieacé cogpongut of.a primafy grade
curriculum. These Bpecifications degi;e a domain within which detailed

skills analéses and empiricgi inve;tigations of instructional ﬁrobigms
- . . - F

can be carni;q out. A central assumption underlying the cyrrent

- - .y

analysis is.that appropriate coordination of the structural and opera-

-

tional aspects of learning outcomes can result’in the developméut of

skills with”“considerable generality and transfer potential.

STRUCTURAL AND OPERATIONAL ASPECTS OF INSTRUCTIONAL OUTCOMES =
in-a previous paper (Smith, 1972) three levels of analysis were

proposed for describing the structural aspect of instructional outcomes.
. !

At the éyateﬁic level, épeéialized concepfs of discipline -or subaiscip;ine

-

are specified (e.g., weight, cost, wammal, ind electron). The analytis

levi} represents.éﬁ abstraction of the logical structure of the systeni
' * e ..&

content. Each systemic concept 1is an"example of some adhlytic.concepf




(e.g., “veight" is an example of 2 "variable name," while "maumal"
is an example of a "class name"). Finally, the parfi{cular content . |

involves che specific materials, events and so on which are used to

exerplify the systemic centent (e.g., "mammal"” might be exemplified

ﬁy'piQCures of lione} horses, elephants, and people).

Specification of .content at these three lévels does not, by

itsel?, define the oberational aspect of an insfructional coﬁponent,

that is, what che learner should be able to do with that content.

;However, the structure of content as, refl®cted by networks.or

‘relaced ansglytic concepts has definite implicatfons for aper.ations

#

~ appropriate to the content.

For example, the variable-value analytic network includes the

following components:

elements - The phenomena to be described, compared,
AN related or otherwise studied (e.g.,
- . objects, events, systems, and sets). L.

A _.' , ’
.variable name - The _name of an aspect or.dimension on
which eleggnts may differ (e.g., color,
weizht,'an _poqc).

values - - . The terms, numerals or other symbols
* . - available for assigament to elementa
' for a variable (e.g., red, four pounds
. fifty cents). . .t

observation/measurement - The standard procedures or aléﬁrithms
procedjre used to assign values of a varisble o’ ...
- - particular elements (e.g., use of a :
centigrade theriometer for determining
4 temperatures). ' o
Concepcual systems examplifying the s;xucture represented by%the ;.'.
\'\
wvariable-value netuark are amenable to oper&:ional requirements which

reflect that scructure, The kinds of information which serve as inpnt

- " " 2 o
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and output for a givea ogerational requirement can b clasaified $n
terss oi analytic concepgai A destription of an opé[ational reqnive-
ment with the input/output relations defined in te;n; of analyric
concepts is called a task description, "For e;ampleé'ou; task c;n

be deseribed as fofic?sz. carry out an obae;éationﬂﬁeasurémeﬂé
prosedure to determine which value of a named variaffie accurately

describes a given element. The input for the task [s an element and

a varigble name. The output le an observation/meagurement procedure

-

and a value. Y. e
By selecting systemic and pa;q@guia; éontent ana by specifying

the instructions, an item exemp}ifying.a giben tisk may Ge construFted.

.For ex%mple, one item can be formed by selecting ;eiggt 4as the variable

and a particulér gea ghell as the eiément, and by specifytﬁg the imstryc-

tion as, "'Determine the.weight'of this object." Although acceds to aﬁ}

'needeﬁ equipment would have t6 be made available, no direction to that

equipment would be given since the ttak_doea not specify the'obaervation[

meagurement procedure as input. It be pro§ided by the individual

performing the task. Clearly theé Lak”%epresenta a large number of
items, differing as to the variaqﬁ% name, the object, and the instruc-

/tion as well'aa thie detaile of the general context. At the analytic

‘ level, however, these items share a commpn gtructure.

-
.

Beyond their use in deaérfbing existing 41tems, the cﬁmponenta of

an analytic network define the kinds of iﬁformatioﬁ or actions which
’ \

can poténtially gerve as input and output in itema.\ Thus, zny. two

——— b

f’ subaets of componente of a network are suggestive of & potentialiy

e If -
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important task. The definitions of the gomponents can be used to
incerp;ec input-output combinations as tasks which are meaningful for

that network. For example the input-output cochbination -,

-]
input: ,variable name ) .
output: value . . -

‘{a meaningfully interpreted as supplying values conventionally associated
with the given varisble name. Once 2 task has been defined for an
enalytic network, it identifies an operaticnal reguirement appropriate

to an} conceptual ayatenm exemplifying chac analyc}e network. The task -

w

than provides the -basis for generating itenms.

A
The apecification of a cask does not indicate the information

[y, 3

- processing atrategies, perceptual-motor performances, or other skill
,. . componenta by which items exemplifying that task might be carried out.
However, the probability of payoff from decailed behavioral anhlyees

is greatly increasad by prior Belection of important tasks constructed

from analytic networks which span large domains of systemic and

_particular content. If a lafgc number of systemic examplén'of the .

- . analytic concepts exiat, then tasks deacribed in terms of those concepts

necessarily have an equally large mumber of potential applications., If

-

_ behaviorsl analysia of poasible modes of performance in gevéral aﬁpl@da-

ua "

tions of a caék reveals gimilar skill components,- the 3ene£§11cy
and relevance of the skille selected for ‘training will be asaufed.’
From the point-of-view described sbove,. the initial apecification

of the atructural and operational aapects of the outcomea for an

inatructional component should be in terms of analytic networka and




Asgociated task domaius rtspcqtively. Thcda inicial specifications

-

q . ‘may be-:evised in ligﬁc of ;he fisult: of subsequent beﬁavioral snalysis

and ewpirical studies of léarning and perforpance on iceus for specific

tasks. However, such specifications define a restricted domasin within *

which. further detailed analyses may be carried out.

ANALYTIC NETWORKS FOR USE IN INSTRUCTIONAL DESIGN FOR SCIENCE -
IRQUIRY OUTCOMES IR A PRIMARY.GRADE CURRICULUM

Several analytic networks have been identified vhich characterize
the structure of much science content in existing primary science .

prbgrams (Smith, 1972). Tﬁtee analytic networks were selected ac a .

basis for instructional design work: the variable-value getwork, -the

clags-member network, and the intra-element relstion’network. i
As defined sbove, the vsrisble-yalue petwork is built on the

-

idea of primitive encicies or glements. When these entitieiasre

described, cogpcr;d or otherwise studied, only certain aspects of
_ ) o . |
them are considered. These aspects are characterized in terms of

valugs for dimensions or variables. Each variable is associated “

. ———with- one or-mere obs&rvation/ﬁeasucemcnc procedures.

- + * -
The class member network is built upon the varisble-~value network:

This relationship 1s reflected in the following definitions for the *

3 . -

. anélytic concepts comprising the class-member nccuork. L.
' ’ class ~ , A dcligncced set of elements (e. +8e - the
: set of zebras).

clazs member - An element which is in a class (e 8.5
" ~ 'a particular zebra)

.7 - '
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network.

class rule -

#

class name -

defining value -
(for a class)

relevant variable -
(for a class ov
set of .classag)

-

partition -

i

"particion name ~

* A decision rule by which it may be
‘deterained whether or not an element’
is a mesber of a class, consisting of
values and logical connectives (e.g., ~

. an animal which has four legs, black
and uhice stripes, etc.)

Rame applicd to an’elesient as a con-
sequence of its membership in 2 specific
. class (e.g., zebna")

A value eaplopyed in a class rule (e.g.,

four legged). .

A varisble whoge values are employed‘in'

the rule for a class or in the rules for

a set of classes (e.g., number of legs).

"A aet of _mutgal—ly exclusive (pairwiae
disjoint) ‘ciasees constituting a super~
.ordinate class-(e.g., the set of animal -
Speciel). _ : G

A term o; phrase referring “‘to a specific
particion, chat is, to 8 specific set of
mutualiy exclusive subclassea of a specific
superordinate class (e.g., “"species of
animal™).’ -

-
- i

Although' some clasges may be adequace1} dealc with in 1ao1acion, zoSt

_ geem to requite the context of a bystem of related classes.

ym

For Fhis'

reason, the last two analytic concepts were inclﬁded from the outset.

The third analytic network selected was the intra-element relations

L]

Intra-element relaticnal rules specify a relacion bEt;een an

elemenc s membership im one claas and ics membership in another clagses ~

L)

“defined in terms of different relcvanc variables.! Thus, theae rules

-

.

151mp1e caxoriontc heirarchies which eimply addfurthet defining

values to the class rules are not includad here. Suc
derived directly from the class rules.

element relations.

} relations can be
This 18 fot the case for intra~




. capacity,'frelates the defining v;;pes of clay soils (i.e., their

' lmportant partitions of the eleuent studied in a given discipline., ‘

- - . - . M e

%elate‘cneyéE: of'éharaqté?iaricﬂ of an elemént {those Specifieﬁ bv the °

- -
[— \ - . -

. rute “far one r?naq) -£6 1no;her ae: of charac:eristtcs for the same

.
- R

ele@ent (thOse 3pecifie& by the rule for the aecond clasel. For

.....,--"" "

example, the relational rule clay aoila ane a’ 1grge Water holding

“wit

pagticle size and chemical composition) to a vaiue (largeﬁ for a
different variable (uﬁtér holding capacitﬁ) Typically, many

intrs-element relations gre expressed in terms of the classes-of

PR :

Agfonoriata uge pany réiytions, guch™as £he a@ove exaqple, involving

-

the composition partition and .tie water holding capacity partition

Of‘ 80118. ’ . t A e Tt . - .
"% . d - * 1
- - -

. In addition to the compouents of the class-member network, the
follawing are compdnentl 6f the intra-element relatious network

intra-elemen;.relation - ‘A-relation between’ memberahip in one
Co claés ‘and mémbership in another class,
"i.e., between the corresponding sets of

P

g ] _defining values (e.g., clsss i?bluaion).
intra~element . T rule specifying aniiptra-gleﬁent
relatipnal rule - : relatien between twé classes (e.g.,
. “clay soils have.a large vater holding
J : : . capacity”): . .
. . & T
r¢lated classes ~ An ordered palr of clasgses .defined by

different relevant variables, and-between.'
which ap intra-element relation-holds
(e.g., clay soils and soils with high
. ’ ) vater holding cspscity).

- 23n the limiting case, the rule mersly relates a value of a single
variabie to a value of another variable for a set of elements. When a,
value of a single variable occurs in an intra-element relational rule,
it will be trented 88 a class rule with a single defining value. v

-

- 9

o, "3
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Lo ’ Q
related partitions - Two partictions of a superordinate class
. © which-sre—detined on different relevant .

varisbles, such that_gt least one class c
R of one partition is related to at least - .

’ L one class of the other {e.g., the soil
. - composifion partition and the soil water
- . capacity psrtition).

There were séveral reasons for Belecting these networks. The first

-

was the scope of their applications. Each was found to }eflecc the

structure of a4 considerable portion of the systemic and par;icular.

content of extant oriméry science programs (Smith & McClain: 1972; -
' Hcciain, 1972). Further support for their generality is provided by

" the attention given to analytic concepts from these networks by

. el

phiioaoghe%s of sclence,

Sécon&a these.three networks are interrelated in 2 fundamental
;.ray. The .varialle-value network provides a fon;ndation for chp_:‘clags-
member network while both of these underlie the relational network
(see Figure 1). Alch;ugh‘ic might not be necessary to carry the _ C
analyses through to the relational level for the primary curriculum, 4
it 1s that level at which ;he power and utility of cthe variable-valué
and class-member networks-are revealed.‘ An analysig of the variable-value

or class-member networks in isolation might fail to provide an aﬁequg;e'

b3;13 for the relational network. ?'u;thei’: ic is quite li'kely tha‘t .

instruction which reaches the relationel level rather quickly will B .

prove mo;e highly motivating than that which desls exténsively wiEh' '“% _

-

the lower level networks in isolation. The interdependence also means

that considergble practice with the lower level networks will be obtained

LA
.l ) .
[ - - ? -
. " 1

“1o

b,
]
(3




“in the context of use of the higher level ones. \This should promote

chis,ioundqgioq ?re alspuindicqted in Figure 1. The class4member -
network is & basis for inter-element relations, those if which a

" member of oLe class 1s related in a specified wgy to a different

’ nefﬁorﬁ.- Ths variable-vtlu., clsss-membsr and part-vwhole networks ..

’Ibcruccural aupect of science outcomee for the primary curriculum. That

is, chéy’grescribc the kinds of concepte and conceptual systems with

.
.
o *
. .
* .- -
. : )
"

consolidation and retention of earlier EfﬂEni“S ::', P

4 L .
A third reason for these selections is the foundation they provf@e
L}

for o}ﬁer networks. Some of the networks which miéht be built upon
\ & - . .

element in another class (e.g., hydra prey upon daphnea). A specialized

intra-element relstion, the whole-part relation, is broadly applied'in

the biological sciences and forms the basis of a network involving che.

-

fgnccion of the part in .relstion to the sctivity of the whole. This

network would prob#bly provide & point of departure for a systems '

LY =

-~

lead into the process-stsge network.

" The varilble-vclue netvork, based on enpiriccl variables, and the .

- »

intra-element relstions network providcl a foundstion for a theoretical

varisble network to cover Gcriiﬁltl defined only in cérmg of other

variables (e.g., energy). With the sddition of the theoretical varizble

network, the power of the systems network would be considerably increased.

-~ b ’

SCIENCE TASK DOMATNS - : L

The analytic networks dclcribed abovc represent ericeria for the

which éhildren will learn to function. As discussed above, the

—~
«

» . o

11
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selection of anaivtic'nétuorgs puts constrsints on and is suggestivp :

of the operdtional aspect of the oufcomes. Specifications of the

operational aspéEL take the form of tasks defined for each analytic

ne:vork. .

Several methods vere employed in obtalding zasks for the selected
analytic networks. One method was the revieu and znalysis of relevant

literature and materials. One source was extant instructional programs

upich involve svstqg}c content exemplifying the analytic networks -~
\

e W
- . ( . . v

-

(McClain & Smith, 1970). Another source was psyc%olegical and ' .

v

- educational literetufe'reinted to the kiuds of Eonceptp included in

the network (Bruner et al., 1956; Inheléer & Piaget,~1964). The

.performance requirements from these sources were described ia terms s

H
of- the analyéip networks to produce potentizlly useful tasks., = - ~ '\ T
4

A second method made systemstic_use of the components of éhe..

a

network in generating new tasks. Slnce fﬁe components represent :

, information or action which can serve as input or Omtput, any two
subsats of componente represent the bleii of a potentially usefuf

tagk. Not all such combinations reeult in meaningful tasks, however,-

-

Judgeggnt is required in applying +he defiaed‘relations among the
components of the network in the 1nterpretaqioq of combinagions'es
tasks. v "

. By zaking a11 péesible combinltione of components, many tasks

i

can be genereted and a dezree of completeness can be assured, ., Such

“a

8 comprehensive enelysia establishes 2 donain of alternatives for tfle

operstional agpect of ins;ructionel outcomes and thus defings the

* ¥




- decisions that must be made. A domain of alterpatives also allows
- ' a determination of the representativeness of any given subset of

tasks. Selectiog of a represcnttfive‘gtmplg.of tasks increases the

.probabtlity_of identifying Feye;alchzfc strategies and other skiils.
In addition to the judgement involved in ip;érpreting the :

co;binéiiona of compo;ents a&htasks, dgcinions are required in | -

selecting from'anohg the large number of tasks generated. ski1l

analysis will provide the basig for many such decisicns. However,

" some initial selection of tasks which will define terminal outconmes

- . LY " " T . J"'. )
‘ for an imstructional component is required. Ideally, these selgctiong

-

would be nade on the basis of analyses of the requirements likely ro

be made of the child in later’ instruction, and in his evéryday life ..°
in both the immediate and distant future. 'Such analyses are noc
currently available, howeéver, and may not even be poss;blé at the

ﬁresent time. Thus, }he selections reprusen:ed by the casks specified"i .

below reprelenf proicquibnal judgencnt. It should be<rzc:11ed thnt

k]

these nelcctionn vere not ‘made tn ibolntion, however. They-were made
after the careful ielcction of- analytic netwak& Hhich aypear to have . .

broad generality, and ngain!t the backgrouud of relatisely ecmprehenbive

1 -

domaing of tasks for each nctwork,

The exerciae of nrofea;ional judgement in the selection of tdsks

involved the application of the jbllowinﬁ crireria:

’ 1} Does it reprasent accepiqbic scientific inquiry?

F

] ", 2) Does it have inforwvative value for the performer? .
. 3 . .

. ", 3) 1s it relevant to higher level networks?
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4) 18 it amenable to strategieg useful to primry school
childfen? T . . . . . ]

ALY

S) Is it amenable to Etrategies applicable to the tasks -
selected from the other networks? - ,

TFirst priority was given to tasks which appeared to meet both the

m'relevaﬁce and the hierarchical criteria. Second priority was given
to tdsks which met only the ﬁerarchical criteria. Tasks which met

only the relevince criteria were selected only when a2 network was not

T ’
adequately represented otherwise. . ..

4
-~

TESK DOMAIN FOR THE VARIABLE-VALUE N'ETVORK

, The task domin for the vsriable—valne networt is di?ided into . . ,

four subclasses: simple description, qualitative compariszon, serfatign, -

and sorting tasks. Only the tomponents of the yariable-value metwork

L Iy

‘ -
may serve as input &nd output., Although items for these tasks may

“

invr_\vg more than. one variable {e.g., & description on ‘several variables);_ -

o .lal_? rules .are involved. : . , . . B

P

b

Fl

Simple Description Tasks ¥ ' I - ) s

Simple description tasks involve’elements, vaIues and ob‘servationl

measur‘ement procedures. ‘They ﬂc’j involve vsr:l.able nm * Thege taska. f'
A

deal with elenent—value relations, but not with element~slement or
value-.value relar.:l.ons. ) . ' : ) .
X Th-;e:'siyple description taiks were {:lected for specifying science

outcomes for the .primary curricuium (see Table 1), The nondirected

. task represents a relatively high level of independent inquiry. It also

: ) lrequi-res the recall and nl:.ct:l.on of variables, an important skill

.t
1
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. TABLE 1

PR Y

SIMPLE DESCRIPTION ¥ASKS .

’I‘\ . “ - .\

Given Input

-

.Required Output

"R ¥ T

Samﬁ&e Ttom

“Element *
Identification ~

4

, blrected .
Deséription

Nondirected
Description '

4

-

'a sét of clements

a'value for a var;hblhw

- ey
LA

- an eélemant’

. -
L)

a variabie name

an element

. -

the given value

i [
an observatibn[moash;umont‘
procedure for the variable

L
1

L .
an clement descrihed by -

an. obgervation/measurement

| proceduré for the named variable

a valﬁe for the named ’variable
which describes the given clement

-

an obaarvation/meaaurenent
procedure for a vaviable

a value describing the given
element on thiat variable
(multiple cyclca.mny be
required) .

“¢lven samplun of salt, sugar, flour,

T

pond, and chalk. "Determine which sub= ..
stanae is soluble in water?" L

Given a mineral specimen. "Dﬁtﬁrminn .
apd roport the hardness of ‘this rock.

E [ ’L : -
T :

Given a leaf apecimen. "Deacribe '

this leaf as completely as yeu ¢an."

. i N
TR




5 :
component in many higher level tasks. The directed description task
requires a response to a variable name ss do many higher level tasks.

¥ L]

. The element ideqcifica:ion tuk froguen:iy.,ocans in a variety of

jrassroon sil:ual:iona, znd involves skill. comonent.s common to many

‘h:l.gher level tasks, nmly value decoding and some l:ype of search -

strategy. ' .

Cozparison Tasks ' . - T e

Coupariton casks invplve telm:iom between two or more«elezents

vjth respect tq 2 specific variible. The values assigned to elemerits
] - 7 ‘ L

& L ‘

88 a rasult of comparisons rafer to the relatio:n between that elemm:_.
and & specific set o;:' ot:het’ elc_:-unts. Ihm re.hl:ionn uy be qualitative

. »(apecifying only am—diff.cn:ft j‘udgmnts). oT qmti:xtivz (Speci'__:fy_i‘t_!s_ .
an nomt}). thffi‘u-ivc relations can ‘be further subdivided inl:o bdrdinsal,

- _.interval and nl:ip relatiom. Only quliutive and ordinal qunil:ital:ive

. relal:icnl will be consideud f.url:hcr at this time. For aitplicil:y,

values._teferrig'g to qualil:al:ivq__' rela€lons will‘be called comparative
vaZuéa (:e.g.-. some, diffcren:}. Tholi rcferring tq ordinal relatic;na
will be called" ordinal values (e.g., hotter, wore denu, fi:u, third). | -

It should be nol:ed that the applicability of conpautive or ordinal

*velues- to an alament 1is dependenl: by definition, on the set of elnents

with which thit elenenl: is ccnpand. ca-pariaon :asks :herefore involve

[l

l:he specification of a set of almnl:s [T ] given input or tequired

oul:pul: .




Fi

* variable nem Thele akills lre‘rtqutred th many highar level tasks '
where veriabld emel sarve as input er‘-edietiq; rtlponsee. : T ’
The eelec:eﬂ seriation tasks are liated in Tabla 3. The non-

. iuportaut ;o such dilcoveriel namely, the lerietion varieble {dentifica-

" tion task.

- i '
Two classes of comparison tasks have been defined, Presponding
t5 the two types of values: comparetive tasks and seriation tasks.
The comparative tasks selected for the primary curricul

aTe listed )

4

in Table 2. The non-directed comparison tésk representy & relatively

_high level of independent inquiry. It also appeare to pe satisfactory
vehicle for bqilding skills required for eortioé-regfe.; The subset
formation task wae selected, louevbié arbitrlrily, for ;tl contTibution
While the non:directed comparison task invdlves recognition

* -

of skills.
£
and descrip;ion of releticnl berween a given set of el&menfs the subset

salection tesk reqﬁirel the formation of & subset of eiennnts meating

4

specified comparative criterie., The direc:zd co-perieqn task is included

here bacause it provides s vthicie for akilis reqnired‘for relpoégi to

directed serietion ta:k was eelecteé;heclule of the reletiﬁely high

e
level of independent inquiry it rtprelentl and becluoe it eppelrl to,_,/
incorpotlte skills important in the dilcovery of relaticos between
variables. Ano:her serietion task also eppeare to incorporate skills

The ‘directed rerietion task vas included as a vehicle for

-

the skills required in‘reoponding to varisble names.

Sorting Tasks

Sorting tssks involve euble:s of ele-entq‘formed on the bases of

similarity on a lpecific verieble.
T
v

Tha sorting tasks selected are

T




TABLE 2

COMPARATIVE TASKS

[N

Task Name

[N

Given Input

Required Output

iy Sample Item

; ldentification

-
N

Directed Comparigson

4
. ‘.}'t
Nondirected’ :.
Comparisfn

Subset Formation
¥

Comparison Variable’

v

l‘-\r' T, -

set of elements !

comparative value

set of elements

variible name

set of\eleients

]

~

. 1

set of elementa

R} variable name - °

L
a

comparative value

-
!

L) .

—the name of a variable for which

the given comporative vslue char-
acterires the relation betwaon
‘the giveh'elements (multiple
.cycles mav be required)

the comparative Value charcter-
izing the relation between the
-glven elements on the named
vatiable

a variable name

the comparative value character-
izing the relation between the
given elements on the named vari-
able (multiple cvcles may be™
required)

a subset of elements such that -
e relation between them on the

zgmedzﬁariable is characterized

by -the given comparative value K

- L

Given a bean plant, a corn plant and
a cactus. "In what ways are these
platits the same?” (e.g., color.
means of attachment)

"Given a bean leaf and & com leaf

“Compare the shspes of these leaves.”
{e.g., different)

GCiven a mouse, a frog, and a lizard -
“Compare these animals.” (e.g., same
number of legs. different body cover-
ing)

Given specimens of teech Erom a cow,
a mgn, a dog, and a rat. ' "Pick out
some teeth which have the same
shape.” (e.g., the double molars)

1
bd
-

1
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. TABLE 3
" seRTATION/TASKS : T
- L | )
Task Name' - ‘Given Inpug' Required 6u£pgt* o Samp;g*ltém

A

N

_ Ron d\i
S ri tiSi?

Seristion Variable
Identification

‘erected Seriation

-

- such that

a set of elgments ordered .
‘*heir orderx
corresponds to their ordet

— on a variable

..a set of eleueﬁts

.a variable name. .
A

' - -
e

. 8 net of elements

“a

-

-~

. ) .
the name of the -vixiable
on which the elements are
—~—-Ovdered

the sét of elementa oxrdercd
~on the named variable

the .set of elements ordered
on a variable

- . ¥

. differ by placing thau'i

Given a set of plants ordered
by height. "Why were these
plants placed in this order?™

Giveq set of mineral samples.
"Place these samples in order
according to their hardneas."

-

Glven a aet of  corn seedlings.
“Show s way that these aeedlig]jp
xder."

L R .\i . Ll
kN \ \'* }‘.)’-.. _.
- L B -
R A ot .
. e SN ;
. R . ., o . .
o~ .L -
N C .
\ T ) e ' b
L]
9
™ N <.
L) ' . b
L) ~ ~
? ~ ~.. '
] I
. N,
e -,(': M
- = . 1
PN . N .
-~ A ’
L) - - L] v
% o v
. v

i
.
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iisted in Table 4. These seléctions parallel thoae for the seriatio;

tasks. The non-directed sortins task stands on its own as ao :l.nqu:l.ry

task while both the non-directed sorting and the sorting variable

e —— -

identification usks provide vehicles fdr. akillg useful in discovering
relations among variableg. The directed sdrting task is inciuded to

'::\' —xssure that sortifig on ¥ specific wariable can be brought about through

" ‘the use of the variable name. ) e

' _— . — -— . ¢
L]

THE TASK DOMATH FGR THE CLASS~-MEMREER NETWORK
* . Tasks for the cluss-aember nétwork involve clads rules by which
th.e applicability o'f a class nue to an element may be determined.

" Several .clu_aea of tui.:u have been distinguished.  Element c'la'asificatioq
. reqniut_ som‘z identification of clus. membership for’ a ‘given element or
elements. - Member ipecificatioéli tasks provide information identifying
a2 class, but“require specification of eleill.mtt wt;ich aré meabers. Both

of éhese task classas prnupp&u that a clase ml; is known i;y or

: prelen;ed to "th'e indiv.idiul pei‘fomin; thd‘ task. The third task cl_us_

e o involves inferri;g a clasa mh Elenents, or description of them, and
) - 3.

"infomtion a8 to whether or not they are members are provided as

:lnput, whi-le a_clasn rule acdountipg for the m@rship j.nfomtion is

.,required a8 putput. » .3 _

g . gk.l__fmr,uch -of thl above clasesa were selected (see Tnble S). :

Three elmen; classification tasks ware selected. The no_n-directegl

:claulﬁcatiqn task stands by_its’élf as ‘relatively indep,'zndent- inquiry
. while directed classification and partition identification provide

- - * . : - +
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TABLE 4

' SORTING TASKS

-

Task Name

Given Input

Required Output*

Sample ltems )

‘

‘Nondirected
Sorting

‘Sorting Variable
Identification

"

Directed Sorting ;|

'a set of alenéqto

‘a set of élements” “
sorted inteo subsets. .
cn a specific vari@hle

»a.get of -elements

]
-.. g‘ . -p\“:,'
s varfable rgme -

I ﬂg
- v K

the set gorted into subsets on

a ogecific varlable

"

+

the name of the variable on’
which the elemeants are sorted

]

!

*
'] 1

“the sét'oérted into subsets
. on the named variable

] 4
-

Givon gamples of liquids differing
in color, viscositv and cpacity.
"Sort these substances into groups
on one variable."

‘

Given drawings of frregular polygons
differing in arca and number of sides,
sorted by number of sides. 'How
have these figures been sorted?”

Given a sct of small common objects
and access (but not direction) to

a container and water, "Sort thesa
objects by their buoyancy."”

]

Toxt Provided by ERI

" *An ohspféakionfﬁeas

L
]

¥
- L}

et

1

ufemeﬁt procedure is requived output for each task.

r

-0z~




MEMBER SPECIFICATION

Member Selection :

Rnle‘Applicacioﬁ

o

a set of elements .

a gset of elements .
a8’ class rule

a class n'ame

g

the element (s) which is (are)
a member of the named clasd

" the element (&) -which is a

membey of the named class

Given pictures of rain, sleet,
anow, and fog. "Which picture .
ahowa sleet?"

Given pictures qi).é’irrul, stxatus,
and cumulus clouds. ,“Cirrus clouds

are feathery looking'and ‘occur only
at high altitudes.
show cixrua é&louds?”

Which pfctutes

. e R - TABLE 5 ’ !
RN ’ " CLASSIFICATION TASKS o
, Task Na‘uire Given Input Requixed Output Sawple Itemn .
ELEMENT. CLASSLFICATION | ¢ ’ v , .
. . - - 0 . o - v hid
"Nondirected a set of elements subsets of elemonta by clasaes | Given plctuxes of mount 1n"u‘. . “
Claasification ’ N of a'ﬁartition descxts, valleys, etec. "Glaapify |
; ' these pictures by placing them in
X - class name f‘or each aubset groups, Give a name for each c¢lass.”
e . .
.Directed an element. the name of the. clns of ‘the | Given a picture of a rocky incer=' &
Classification ) iname parctition of which che tidal zone area at Iow tide, "Name 0
°, a partition name . * element is a member the clua of habitat ahmm in the ]
- o - , picture.” .o
o B “= ' [ l‘lﬁ‘?:
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.Task Name

Given Inphif

Required Qutput

‘Sample: Items )

[}

" Partition ..

.

‘Rule Inference

Identificattoq

— . — iy E

ne p——

SubéeCS of elemeﬁﬁs ¥the name of the particion

by the classes of a
nartition“

LI

.

element designated
as a member(s) or
nonmember (s) of a
novel class

the“class dame

L]

|
1
i

-

?
or

class nades for-each subset -

a class rule which accounts
for the given class membership
;dformacion

Given subgets of victures of reptiles,
mammals, amphibians and birds. “These
animals have been classified bv placing
them in groups. Tell.how thev wers,
claggified.

Given samples of igncous, metanorohic .
and sedimentary rocka. "“These (voint
to igneous rocks) are igneous rocks.
These otherg (point to others) are
pot., Give a rule for classifving’
tgneous rocks." -

-
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-
- - .
Il

- vehicles for additiconal skills. Two member specification tasks were
selected. . Member selection requireé the {ndividual to supply the

class rule and represents a frequently occurring classroom task. The

-

- rule application task provides a rule. The skills involved inm this

task relate to comprehension of new verbal information. The rule

inférencd task 1is a version of the concept ‘acquisition task widely

- I.‘
~

thought to typify informal or contextual-learning. voe T

THE TASK DOMAIN Fbi fh! IHTRA-BLEHBNT RELATION NETWORK
Tasks selected for the intra-elenent relations domain represent

H
somewhat arbitrary selection from each of four taik clalaes. Rule
" .
-wpplication tllks provide s relational rule as fnput. The selefred
¥ X
rule application task (let Table 6) also provides the name of one of

the related classes and & set of elements including members and nbn-
members of the named-class, The elements must be presented such that

qembefihip in the naneg/EI}ia cannot be determined by use of the class -

rule for‘that.class: "The réqqired output includes specification of,

. - J . .
gembers and non-oembers of the named class. |

’

Prediction and explanetion tasks require 2 familiar relational - .
¢ : ‘ : ¥

‘e, rule and ¢lass name as- output. The l‘llcted pred{étion tesk providés

& particion name as 1nput whiltkthc lxplanation ;a;k providea the name
] 2
of one of t@e-rllatnd classes. The forth clasl of t;nkl, rule diacovery

LS
-

require a-novel relltional rule ll output. The selected rule diséovery

-

tdsk provides a set of elements for which & relation holds between

N +
“ . -
. .

|




TABLE 6

o . . | . .
o T INTRA-ELEMENT RELATION TASKS i .
<> Do T . : - .
. pray . . .
Task Name L fGiven"InﬁﬁR ' Required Output . Sa&h%e Ttems . ~

P

" Relational Rulo.;.

Agplication

.

a fule relating

menbership in two

;Eamiliar classes -
L--""t:he-mme_ one of
‘the ‘relaced classes

-
. .

a ipt of elements
(preaented so that
ménbership in the
- named glass, i ‘not )
_diréctly obaexvable) .

]

the name of &'
puétition .

T A,

an eféuenl: (pﬂ.'senl:ed
so that its membership
in classes-of the .
\ named partition cannot
be‘directl?fobsetved)k
y T =
a:clgas_ngne
an element which is a
member of the named . .
class ’

3

5

spbecification of .l:hose elements
which are members of .the nsmed
class ..

o

the nsme of the.class of the

) named partition of which-the *

given element ia a wmeisber

the name of a related claas of
which the elemat‘ is obsamd to
be a nember

3

- o

cla rule relating memberahip in the"
© ) two classea

a

LY

-

[*

-

-

-

© Given. a‘pictur; of “a_ien turtle.
"In what kind of location would .this

animal lay irs eggs?" .

£ «common wild birds.
t, pointed bills are
Which of these

-

Given a fish (with observable gills).

_"How can you tell that this ahimal
lives in water?” . .
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'JGiven Inpat G‘

Eethved Outuvut

Sample Items . -

e

" a set of elpments for

hhjdm a relation- holds
between memberstiip in-

the two clssses

s rule relsting membershin in

hY N . . L A .
Given a get of stunted (Bmall) : . -
corn vlants growing in limited :

light, snd a set of mormal (large)

two familiar classes - corn plahts growing in'bright light.
) . "Wwhat relation can You find betrween
" the names of the the amount of light and the size of
related partitions the plants?” . ’
+T ]
t .
- P
‘ , . ::_-* . - hY . . . .
. .‘.‘ ,_ - * . ‘ '
' . L
- . "’3 * - L ‘f‘
» - .
, . . 4 L]
(XY e )
| . . ' B . )
) o .
§ . . . 5-;
s\ ! I - '
L - . . "
> 3 . , ]
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membership in two familiar classes, and the names of the partitions of .
vhich the related classes are constituents. ' y o
The relatiomal rule application task p;ovidés a vehicle for skills

iavolved in conprehf’ndihg and utilizing rules from secondary sources as
- - —

in problem solving. The other three tasks represent relatively

. independent inguiry for primary ‘¢children wh’:lie providing a context for

b

. : development of skills required for. fiigher level inquir}‘ tasks.
: ' .. © DISCUSSION

The relation between task znalysis and behaviorsl analysis of
performance requirements ?for given tasks was mentiomed above. As

stated by Klahr and Nallcct {1970, p. 360) ”Ihe objective task . - *

RS
. structure alone does.not yield a valid ducription of c’he nqution " e

L

perfornnce, tod it 16 nccuury to diaguon th,g.scl:ul psychologiq.ll

' proctun in grut detail :o obuin Iinul:c due:ipl:ipm ot vell
supgortcd 1nf¢r¢ncu abou: r.hc ncl:ual nqiu:nce -and éon:cnt; oi ;he
. A .
thiuking process.” Honver, the mcmrcc requinuut- for luch"

analys:l.: nre 5o grut that' cmidegabh c;re must 'bt uken to.:

PO i

. . mxiﬂiu l:hé proba.bilil:y t.hat 3mnuub1e u:ral:agi'u and skilld

L L

w:l.n be :l:dentif:l.cd Procgduru have b dneribcd above foi ‘
£ -

.stmct:unl malyu- of content in terms of malyaic actworlu and
-

‘e s operu{onnl ‘snalyais in l:cm of l:uh. These procedﬁru',p:ovidg_‘g

-

-, ' . - mo- of definipgg a greatly rul:rictcd dmin fpr. ‘behtvioral malx&is,
a dog;in w:l.\'.h afuideubh po:en:ul for :&, idenxificaéioﬁ.'of"broadly N
i . L., _geharalﬂ.‘bh. ll:nl:cgiel and skills. Whers the time- ‘line for program

f ’ L f . . .- . P
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. X ' :
duve].;:pmenl: precludes extensive skills maly:s'is, the ﬁréced.urea provide ' ]

a means of generating and describing potsutial outcomes which reflect . -

the logical structure of relevant conceptual systems.

. N ¢
A

s v} .
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